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Abstract
In this paper we discuss the unitary inequivalentness in quantum
physics. Then based on some of the current outstanding problems in
theoretical physics, we will show the important role of this concept to
better understand the physical theories.
1 Introduction
In Quantum Physics since we are dealing with operators on Hilbert space,
it is important to construct the quantum theory in such a way that it’s
measurement process remains invariant under unitary transformations. From
here it becomes clear that the unitarity plays an important role in quantum
physics. One of the main consequences of unitary invariance (being invariant
under unitary transformations) is that all physical systems which we want
to study in quantum physics, should have unitary equivalent representation.
The most familiar example is the wave function of non-relativistic quantum
system, Ψ(x). In the context of non-relativistic quantum mechanics Ψ(x)
is called space representation of wavefunction. Besides, we have another
representation called momentum representation, denoted by Φ(p). One can
transform Ψ(x) and Φ(p), to each other by a fourier transformation:
Ψ(x) =
1
(2pi~) 12
∫
Φ(p) exp
ipx
~
dp (1)
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Φ(p) =
1
(2pi~) 12
∫
Ψ(x) exp
−ipx
~
dx
It can be easily shown that since fourier transformations preserve the norm
of the wavefunction, Ψ(x) and Φ(p) are unitarily equivalent.
Although in non-relativistic quantum mechanics, all representations are
unitarily equivalent, different inequivalent representations are among main
and natural properties of Quantum Field Theory (QFT). However, in con-
ventional Quantum Field Theory, physicists do not pay proper attention to
them. In other words in conventional Quantum Field Theory we take into
consideration just one class of these representations and ignore the others.
In this paper, we start with non-relativistic theory and show that in this
case all physical representations are unitarily equivalent to each other. Then
we discuss relativistic theories and conclude that, although these inequiva-
lent representations play no important role in Quantum Field Theory in flat
(Minkowski) space-time, they are inevitable part of Quantum Field Theory
in curved space-times, without which it is impossible to formalize a consistent
QFT.
2 Equivalent Representations
In this section we study the equivalentness in non-relativistic quantum theory.
First we make a review about the mathematical formulation of Classical
Physics. Then we study the quantization procedure and finally we discuss
the Stone- von Neumann theorem and it’s consequences.
2.1 Classical Physics and Symplectic Geometry
As we know every physical theory either classical or quantum, is formulated
based on two category of objects i.e. States and Observables. In Classical
Physics, the states can be regarded as the points over the phase space M,
(which is often equal to R2n). On the other hand, observables are real-valued
functions from phase space to the set of real numbers R. i.e. f : M → R.
It becomes clear then, that the measurement process in Classical Physics is
just relating a real number to each point of M via real-valued functions.
In the Classical Mechanics, the phase space is constructed as the cotan-
gent bundle of configuration space and it is furnished by a closed, non-
degenerate and anti-symmetric map ω, which is known as symplectic form.
So one can conclude thatM is a symplectic manifold. The importance of this
symplectic map lies on the fact that, it gives us the algebraic relations be-
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tween the observables. These relations are the well-known Poisson Brackets,
which is defined as follows:
Definition: For each two given functions f(pi, qi, t) and g(pi, qi, t) on the
phase space M with canonical coordinates (pi, qi) , the Poisson bracket is
written as :
{f, g} =
n∑
i=1
∂f
∂qi
∂g
∂pi
− ∂f
∂pi
∂g
∂qi
(2)
where {, } satisfies Distributivity, Anticommutativity and Jacobi Identity
axioms. Here it should be noticed that this definition 2, comes from the
non-degenerate symplectic product which is defined as:
ω(s, s′) = (piq′j − p′iqj) (3)
where s = (q1, ...qn, p1, ..., pn) and s
′ = (q′1, ...q
′
n, p
′
1, ..., p
′
n) are two arbitrary
points on M (two different states). In addition to Poisson brackets, the sym-
plectic form helps us to find all existing coordinate transformations in M,
which leave the Poisson Bracket invariant. In terms of symplectic geome-
try, these kind of transformations generally are called symplectomorphisms.
However in theoretical physics they are known as canonical transformations.
2.2 Quantization
As we have already mentioned, states and observables are two main category
of objects which are necessary to construct a physical theory. Once both
of them are fixed, we will be able to find the mathematical and algebraic
relations of them.
In the previous subsection, we have shown that Classical Physics can be
considered as special case of symplectic geometry, where we have a symplectic
manifold, M, called phase space. Each point of M is called a state of the
system, since it describes the exact position and momentum of the system.
Meantime the real-valued functions from M to R are called the observables
of this system. Now if we want to construct a new theory to study the
physical properties of this system, we should redefine the notions of states
and observables.
Quantization is a procedure which enables us to construct quantized ver-
sion of a classical theory. Although there are lots of methods for quantization,
Canonical Quantization is one of the most famous methods. In this method,
real valued functions of the phase space are replaced by self-adjoint operators
on the Hilbert space. Meantime the notion of state is achieved by replacing
points and distribution functions by normalized vectors and density matrices
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respectively. Here normalized vectors are considered as pure states while,
density matrices represent mixed states.
In addition to this, the Poisson Bracket is replaced by Canonical Com-
mutation Relation (CCR):
{, } → i~ [, ] (4)
2.3 Uniqueness Problem
After pioneering works of founders of Quantum Theory, one question started
to concern many physicists, mathematicians and philosophers:
Is it possible to start with a classical theory, follow the quan-
tization rules and finally arrive at two different quantized theo-
ries?
In other words is the quantization method gives us a unique quantized
theory. Fortunately this question was solved by a series of papers writ-
ten by M. Stone and John von Neumann [1], [2], [3] and [4]. Their works
which nowadays briefly is called Stone- von Neumann uniqueness theorem is
a mathematical theorem which states that if {U˜(a)|a ∈ R}, {V˜ (b)|b ∈ R} are
finite sets of weakly continuous unitary operators acting irreducibly on a sep-
arable Hilbert space H such that U˜(a)V˜ (b) = exp −iab~ V˜ (b)U˜(a), U˜(a)U˜(b) =
U˜(a+b) and V˜ (a)V˜ (b) = V˜ (a+b), then there is a Hilbert space isomorphism
W : H → L2(R) such that WU˜(a)W−1 = U(a) and WV˜ (a)W−1 = V (a).
The immediate consequence of this theorem is the fact that all quantized
theories constructed via canonical quantization, from a classical theory are
physically equivalent to each other. In the next subsection we discuss this
consequence with more details.
2.4 Heisenberg Group
Mathematically speaking, Heisenberg group denoted as Hn is the (2n − 3)
dimensional group of n× n upper triangular matrices of the form:
Hn =

1 a1 . . . an−2 c
0 1 0 . . . b1
...
...
...
. . .
...
0 0 . . . 1 bn−2
0 0 . . . 0 1

under matrix multiplication. The elements ai, bi and c are the generators of
Hn and can be taken from a commutative ring. If this ring is set to be R (the
set of real numbers), thenHn is called the continuous Heisenberg group. From
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physical point of view this group encodes all necessary information of an n-
dimensional non-relativistic quantum mechanical system, or as it has stated
in [5] “... exponentiating the canonical commutation relations for
R2n yields the Heisenberg Group Hn”.
The above introduced Stone- von Neumann theorem states that all irre-
ducible representations of Hn are unitarily equivalent to each other. Thus, it
becomes clear that for non-relativistic quantum mechanical systems obeying
Canonical Commutation Relations, the uniqueness problem is solved.
Before starting the next section we should mention that, Stone- von Neu-
mann theorem does not guarantee the uniqueness of theories obeying Canon-
ical Anti-commutation Relations rules (such as spin systems). However their
uniqueness is proved by Wigner-Jordan theorem [6] (for more details see [5]).
3 Inequivalent Representations
As mentioned above the Von Neumann uniqueness is valid for all systems
with finite degrees of freedom N [7]. But the situation changes when N →
∞. In this case instead of unitary equivalent representations, we have the
equivalent classes of representations. Each two representations belonging
to one of these classes are unitary equivalent but the ones from different
classes do not need to be equivalent. By definition the field is a system with
infinite number of degrees of freedom, thus we have these inequivalent class
of representations for fields. So in relativistic theories where one naturally
deals with fields, the problem of uniqueness again arises. In this case since
we have inequivalent representations, the fundamental question is “ Which
class of representation is the physical one?
In conventional Quantum Field Theory the answer to this question is
given by the condition:
Hˆ |0〉 = 0 (5)
where the |0〉 is the vacuum state of quantum field (after this selection we
ignore the existence of other representations). This selection becomes phys-
ically realizable due to existence of Poincare symmetry. As we know, con-
ventional Quantum Field Theory is based on two physical theories namely
Quantum Mechanics and Special Theory of Relativity. Thus in order to con-
struct Poincare (Lorentz) covariant Quantum Field Theory, we have to find a
unitary representation of Poincare group in Hilbert space and then conclude
that the vacuum state of the field (|0〉) must be Poincare invariant. In other
words all inertial observers (observers related to each other by a Poincare
transformation) will see the same vacuum state. Considering all above and
in view that it is possible to define a globally time-like Killing vector t ,we
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can state that:
exp(−iHˆt) |0〉 = |0〉 (6)
in which Hˆ is the generator of one parameter time translation group, i.e. the
Hamiltonian. Here we have to add that this procedure can be generalized to
curved space-times when they admit a global time-like Killing vector t. So
the vacuum state of QFT in these space-times will be invariant under the
group of isometric transformations.
3.1 Why do These Inequivalent Representations Ex-
ist?
Although some people try to ignore the existence of these classes of represen-
tations, the existence of them can be proved in the context of conventional
Quantum Field Theory as in Algebraic one. In conventional approach, since
we are dealing with a field, we have to make a cut for our system. Remem-
bering that this situation does not take place in systems with finite degrees
of freedom. Because in this situation we are able to close the system and
specify it. But in fields this can not be done. The reason is that we can
not specify the infinity. So by an idealization we make a cut and try to
construct a complete set of observables locally. As an example, we suppose
that our infinity is located in a very far place, say Andromeda galaxy, and
{Ai} is our complete set of observables. So it is clear that we can formalize
our theory with {Ai}, but this can be done just locally. That is because if
someone makes a change in a place beyond Andromeda galaxy, globally our
representations will change. But as we have made a cut in Andromeda, this
change will have no effect in our local observations. From one side it shows
that in local observations and interactions we can neglect these different rep-
resentations, but on the other side in non-local effects all of them become
important. Here we have to emphasize that if we want to construct a com-
plete and self consistent theory of Quantum Gravity which can relate local
and global phenomena, dealing with all these representations is necessary.
The existence of this different representations can be easily shown in the
context of Algebraic Quantum Field Theory too. Where one can associate
a C∗ − algebra to a quantum field. This follows by GNS construction [20,
21] which states that for every element on C∗ − algebra like ω, there is
a representation pi of the algebra by linear operators on a dense subspace
D ⊆ H such that
ω(A) = (Ω, pi(A)Ω) (7)
where Ω is the unit vector in D . So we can conclude that in each represen-
tation which we construct with GNS construction, the specified state ω in
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C∗−algebra is related to unit vector Ω in Hilbert space. Thus if one chooses
another state say ν and constructs another representation, then there is no
need to these two representations be unitary equivalent.
Here we have to add that the existence of these representations had been
realized by physicists in the early years of Quantum Field Theory due to the
Schur’s lemma. Moretti has stated in [22] that every pure algebraic state ω,
corresponding to an irreducible representation of the algebra of observables,
must inevitably select a value of Q in the GNS representations.(Q is an
observable,with arbitrary q ∈ R value on pure states) following the Schur’s
lemma, piω(Q) commutes with all elements. So it must be a multiple of
identity. So two pure algebraic states ω and ω′ with distinct q and q′ (q 6= q′)
produce inequivalent representations.
As stated above, Poincare invariance leads us to select one special class of
representations. In the following subsections we intend to show that picking
up one class of representations is not sufficient for describing some physical
phenomena.
3.2 Haag’s Theorem
Soon after formalization of Quantum Field Theory, physicists realized that
even in the context of conventional approach to Quantum Field Theory, when
we try to explain the interacting theories, more than one class of representa-
tions is needed. The said phenomena was observed bay Haag and sometimes
is called the Haag’s no-go theorem, which states that [8], free and interacting
fields must necessarily be defined on different unitarily inequivalent Hilbert
spaces. This means that interacting Fock space cannot exist, because the
frequency-splitting process cannot be applied to interacting fields. For ex-
ample, it has been shown in [9], if we add an interacting term λφ4, where
λ ∈ R to the Klein-Gordon Lagrangian
(+m2)φ = 0 (8)
we would have
(+m2)φ+ λφ4 = 0 (9)
then the mass condition kak
a = m2 (which plays a crucial role for frequency-
splitting process) does not hold, which means that some of the single particle
interacting wavefunctions will be built, in part, from plane waves with space-
like momentum vectors.
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3.3 Unruh Effect
Beside the interacting Quantum Field Theory that indicates the natural ex-
istence of different unitary inequivalent representations, there are some im-
portant physical effects that cannot be explained based on just one class of
these representations.
As mentioned above, the existence of Poincare symmetry leads us to con-
clude that the vacuum state |0〉 is identical for all different inertial observers.
But is it possible for non-inertial observers to see the same vacuum?
The answer is negative. The Unruh effect is a clear example of the fact
that for accelerating observer the Minkowski vacuum state |0〉 ( Vacuum
state of a Quantum Field Theory based on Poincare symmetry) looks like
a thermal state with temperature T = ~
2piκBc
a, in which a stands for the
acceleration. This phenomena, discovered by Unruh [10] , Fulling [11] and
Davies [12] , plays a basic role for other important effects notably on Hawking
effect. Here we discuss the Unruh effect briefly.
As we know from Special Theory of Relativity, Rindler coordinates de-
scribes a uniformly accelerating frame of reference, which is obtained from
standard Minkowski line elements: (c = 1)
ds2 = dt2 − dx2 − dy2 − dz2 (10)
by introducing these new coordinates:
x = ξ cosh η (11)
t = ξ sinh η
and after some calculation we can write the so called Rindler line element:
ds2 = ξ2dη2 − dξ2 − dy2 − dz2 (12)
where ξ2 = 1
a2
.
As stated in [13] there is a singularity at ξ = 0. The apparent singularity
at ξ = 0 is coordinate singularity and is due to the fact that these coordinates
are valid for just a portion of Minkowski space-time, called (right) Rindler
wedge R : x > |t|.
The main feature of Rindler wedge is that it is a globally hyperbolic
space-time with Cauchy surfaces η = const, where the orthogonal trajecto-
ries are ξ2 = x2 − t2. It is clear that by comparing Rindler space-time with
Minkowski space-time, an observer, whose worldline is one of these hyper-
surfaces, undergoes constant proper acceleration of magnitude a = ξ−1. In
other words, a particle following the hyperbolic motion ,ξ2 = x2−t2 = const,
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is a stationary observer according to Rindler coordinates. The hyperbolicity
of Rindler wedge, enables us to quantize the Klein-Gordon scalar field φ for
this space-time and to construct the Hilbert space and Fock space represen-
tations of φ with their corresponding operators. This procedure is called
Fulling Quantization.
Now we may say that the Unruh effect indicates that if we consider a
Klein-Gordon field equation 8 in the Rindler wedge and then apply the quan-
tization procedure two times, in two different ways: one by using Minkowski
coordinates and other by using Rindler coordinates we can conclude that
NˆR |0〉M 6= 0 (13)
where NˆR is the number operator of Rindler quantization and |0〉M is the
Minkowski vacuum. However, the important feature is that the two men-
tioned quantizations are different from each other.
Let us look to the problem algebraically. Following Algebraic Quantum
Field Theory we can say that the restriction of Minkowski vacuum state ωM
on the Rindler wedge Algebra A(R) defines a state ωM |A(R). But contrary
to Rindler vacuum state ωR, which is a pure state, ωM |A(R) is a mixed one.
It can be shown that ωM |A(R) is a KMS state [14]:
ρ =
∏
i
∞∑
n=0
exp (
−2pinωi
a
) |ni〉M 〈ni|M (14)
where nωi is the energy of |ni〉M state. Thus it will become clear that ωM can
be seen as the thermal density matrix exp(H
T
), where H is the Hamiltonian.
Therefore T = a~
2pikB
.
Furthermore, the two quantizations are different in a stronger way. They
are disjoint representations. That is why it is mentioned by Belinski [15] that
“... they refer to problems with different Hamiltonians”. There
are several papers and useful discussions whether Unruh effect is a physical
effect or it is meaningless to talk about it [13] [15] [16].
3.4 Hawking Effect
Stephen Hawking [18] showed that by regarding quantum effects, it is pos-
sible to attribute a thermal radiation to black holes. This radiation, called
Hawking radiation, has a temperature which is
TH =
~c3
8piGMkB
(15)
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This formula contains four fundamental constants in nature, ~, G, k and c.
In other words Hawking radiation showed that there is a connection between
Thermodynamics, General Relativity and Quantum Field Theory. Although
this was a great achievement, at first glance Hawking’s original calculations
suffer from transplanckian problem. Because of this, some physicists by con-
sidering the fact that in our world there is no transplanckian energy concluded
that Hawking effect is not physical. Besides there was some other problems
related to second law of Thermodynamics. The situation is changed when
we take into consideration the Bekenstein’s generalized second law of Ther-
modynamics [19] which states that in a system with a black hole the total
amount of entropy is given by
∆Soutside + ∆SB.H ≥ 0 (16)
where for a black hole the entropy is equal to
SB.H =
AkBc
3
4~G
(17)
in which A denotes the area of the black hole. Since the generalized second
law indicates that when an object falls into a black hole, increases the entropy
of the black hole and all the information of the object will be lost, it is possible
to relate a thermal radiation to the black hole. One can conclude that in
the presence of gravitational collapse the vacuum state of quantum field, |0〉,
becomes unstable and finally changes to a thermal state. The main problem
arises when we try to discuss this effect in the context of Quantum field theory
in curved space-time. Consider |0〉, as a vacuum state. In order to discuss
the Hawking effect we have to use the semiclassical General Relativity,
Gµν = κ 〈Tµν〉 (18)
where 〈Tµν〉 is the expectation value of the quantum field. Now it seems that
for a vacuum state we have
〈0|Tµν |0〉 = 0 (19)
. By comparing to the left hand side of the equation, it is evident that it is
compatible with the black hole metric. But the situation changes when we
arrive to final state of quantum field, the thermal state ρ. In this case we
have
〈Tµν〉ρ 6= 0 (20)
This seems contradictory in the conventional QFT, since it is impossible to
find a unitary transformation like U which will be able to transform |0〉 into
ρ such that
U |0〉 = ρ (21)
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The strange results introduced above divide theoretical physicists into two
groups. The first are those who try to resolve these contradictions using dif-
ferent mathematical and physical methods and concepts. Others are those
who conclude that these contradictions tell us that Hawking effect is unphys-
ical, even QFT in curved space-time does not exist.
3.5 All Representations become equally important
The above introduced physical phenomena, indicate that it is not sufficient
to restrict ourselves to just one class of representation and try to describe
all physical processes. So it seems natural that we should take into account
all classes. In all cases which we have mentioned, it is possible to solve the
contradictions, if we suppose that the class of representation changes to an-
other one. Thus we should find the mathematical transformation rule which
lies behind that. Although it seems to be very difficult to find the relations
between inequivalent representations in QFT (like Haag’s Theorem), it be-
comes clear and more simple when we start to take into consideration the
General Relativity. Both Unruh and Hawking effects show the complemen-
tary role of General Relativity and QFT. This means it is due to gravity and
gravitational effects that one class of representation changes to another class.
It is the special feature of gravitation, because neither electromagnetism nor
other gauge fields of Standard Model can do that. The interesting thing is
the fact that more we try to take General Relativity into account, more the
mathematical relations and transformation rules become clear. Recall the
fact that in Haag’s no-go theorem there is no place for General Relativity.
Because we neglect the gravitational effects. Unruh effect is an intermediate
case. Although it takes place in flat space-time, which means that there is
no gravitational effect, there is an important difference between Unruh effect
and other phenomena which we have in conventional QFT. In contrast to
conventional QFT, which is formulated based on Poincare transformations
and the concept of Poincare Invariance, Unruh effect is formulated based
on general covariance, which is the fundamental principle of General Rel-
ativity. If we extend the notion of Poincare(Lorentz) covariant Quantum
Field Theory to the general covariant one, where of course all different type
of coordinate transformations are possible, it automatically leads us to the
fact that in this case there is no preferred notion of states. Speaking alge-
braically general covariance means that for every open subset O ∈ M there
is a X ∈ Diff(M) (Diffeomorphism group) such that [17]
piX (A(O)) = A(X (O)) (22)
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where A(O) is the algebra of observables in the region O and piX is the
representation of X . Finally we arrive at the case where gravitational effects
are not negligible. This is the research area which is known as QFT in
curved space-times. In the next subsection we will show that if we consider
all inequivalent representations, how they help us to explain some phenomena
in the context of QFT in curved space-times.
3.6 QFT in curved space-times
One of the main examples of QFT in curved space-times, is the particle
creation by gravity which has a wide range of application for many high-
energy phenomena such as particle creation in expanding universe.
Over an asymptoticaly flat space-time one can expand the field operator
denoted as Φˆ, in terms of it’s positive frequency solutions. Let {fi} and {Fi}
be the positive frequency solutions for past (initial time) and future (final
time) respectively. Thus
Φ =
∑
i
(aifi + a
†
if
∗
i ) =
∑
i
(biFi + b
†
iF
∗
i ) (23)
where (ai ,a
†
i ) and (bi ,b
†
i ) are annihilation and creation operators in past
and future respectively. From 23 it becomes clear that one can write {fi} in
terms of {Fi} or vice versa.
fi =
∑
k
(αikFi + βikF
∗
i ) (24)
Fi =
∑
k
(α∗ikfi − βikf ∗i ) (25)
the αik and βik are called Bogoliubov coefficients. From these definitions one
can easily define the initial and final vacuum states:
ai |0〉i = 0 and bi |0〉f = 0 (26)
Meantime the number operator at final time is defined as N = b†ibi. The
fundamental statement of particle creation by gravity is the fact that, in
contrast to |0〉f the expectation value of N = b†ibi for |0〉i is not zero.
〈N〉i = i 〈0| b†ibi |0〉i =| β |2 (27)
where β is defined as the sum over all βis. Roughly speaking this effect tells us
that, during the expansion of the universe pure state (vacuum state) changes
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to a mixed state. As we know from quantum theory, pure states can be
considered as unit vectors over the Hilbert space H since their norm is equal
to unity. The same is not true for mixed states (density matrices) because
their norm is less than unity. Now suppose that in expanding universe at
some initial time t = ti we have a pure quantum state, the vacuum state |0〉i.
Figure 1 shows this state, and it’s all unitary equivalent representations on
the Projective Hilbert space PHi. Based on conventional QFT and S-matrix
theory, this vacuum state |0〉i can not be evolved into a mixed state. This
is due to the fact that S-matrix is unitary. Now suppose that during the
expansion, this class changes to another class which is not equivalent to the
first class. Again at t = tf the vacuum state |0〉f can be represented as a unit
circle in PHf (Figure 2). But since two representations are not equivalent,
the radius of first unit circle (initial pure states) in PHf , is not equal to unity.
Figure 3 illustrates this difference between PHi and PHf . This change of
classes (or Hilbert spaces ), becomes realizable due to gravity.
From the above example it becomes clear that once we move from a region
with higher gravity (e.g from the early times of universe or from the vicinity
of the event horizon of a black hole ) to the regions where gravity becomes
weaker, the norms of Hilbert spaces where we define the pure states on them,
becomes larger and larger. This is the reason that an initially defined pure
state finally turns into a mixed state. This change which is caused by gravity,
shows the complementary role of General Relativity and Quantum Physics.
In this sense Semiclassical Gravity and even Quantum Gravity is not just en
effort to quantize the Einstein’s Field Equations, but also a mathematical and
conceptual framework for finding all existing relations and transformation
rules between the Unitary Inequivalent Representations.
4 Conclusion
As mentioned above, the existence of these inequivalent unitary representa-
tions is the inevitable part of the QFT. But the main problem is that when
we try to construct a physical theory, by considering the Poincare symme-
try,we select just one of these classes and simply forget about the existence
of others. This causes some problems such as Haag’ s no-go theorem [8]. On
the other hand, the formulation of S-Matrix is such that one can find the
final state |f > at t = +∞ by operating S-matrix on the initial state |i > at
t = −∞ without taking into account the moment of interaction, regarding it
as a black box. But it is the moment of interaction that all of these classes
may become equally important.
Again we have to mention that the existence of these classes is something
13
Figure 1: Each point over this unit circle can be regarded as one normalized
unit vector.
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Figure 2: All unitarily equivalent representations of |0〉f .
15
Figure 3: Equivalent representations of |0〉f in PHf denoted as red circle
and those of |0〉i as dashed blue. The norm of unit vectors in PHi is less
than unity (here it is 1
2
) in PHf .
16
which is related to the global structure and that is why we will not be able
to see their effect in our local observations. As stated in [14] if (F1, pi1) and
(F2, pi2) be two unitary inequivalent representations of the Weyl Algebra A,
A1, A2, ..., An ∈ A , 1, ..., n > 0 and ω1 be an algebraic state corresponding
to density matrix on F1, then there exists a state ω2 corresponding to a den-
sity matrix on F2 such that for all i = 1, 2, ..., n we have |ω1(Ai)−ω2(Ai)| < i
which in it’s turn, shows that, although two representations of A may be uni-
tarily inequivalent, the determination of a finite number of expectation values
in A, made with finite accuracy can not distinguish the difference between
different representations.
Another important feature is that Quantum Gravity will enable us to
relate the yet unknown transplanckian world and our one to each other.
This correlation shows itself in Hawking effect which again can be explain in
this manner.
Furthermore in this paper we wanted to show that there may be a new
look to the yet unknown quantum theory of gravity and the gravity may have
the role of relating one class of representations to another, although it seems
a very difficult physical and mathematical task.
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